
US007542148B2 

(12) United States Patent (10) Patent N0.2 US 7,542,148 B2 
Koshimizu et al. (45) Date of Patent: Jun. 2, 2009 

(54) METHOD FOR MEASURING PHYSICAL 7,099,015 B2 * 8/2006 Melnyk .................... .. 356/480 

QUANTITY OF MEASUREMENT OBJECT IN 7,286,237 B2 * 10/2007 Grossman et a1. ......... .. 356/480 
SUBSTRATE PROCESSING APPARATUS AND 
STORAGE MEDIUM STORING PROGRAM 
FOR IMPLEMENTING THE METHOD 

(Continued) 
(75) Inventors: Chishio Koshimizu, Nirasaki (JP); 

Tomohiro Suzuki, Nirasaki (JP) 

(73) Assignee: Tokyo Electron Limited, Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 202 days. 

(21) Appl.No.: 11/564,604 

(22) Filed: Nov. 29, 2006 

(65) Prior Publication Data 

US 2007/0127034 A1 Jun. 7, 2007 

Related US. Application Data 

(60) Provisional application No. 60/754,611, ?led on Dec. 
30, 2005. 

(30) Foreign Application Priority Data 

Dec. 6, 2005 (JP) ........................... .. 2005-352003 

(51) Int. Cl. 
G01B 11/02 (2006.01) 

(52) US. Cl. .................................... .. .. 356/497 

(58) Field of Classi?cation Search ............... .. 356/477, 

356/479, 480, 497, 498, 500, 505, 506; 385/12 
See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,551,051 A * 12/1970 Salgo ........................ .. 356/51 

5,633,715 A * 5/1997 Ai et a1. ........ .. 

5,907,403 A * 5/1999 Andrews et a1. 6,078,706 A * 6/2000 Nau et a1. ......... .. 

6,842,254 B2 * 1/2005 Van Neste et a1. ......... .. 356/497 

FOREIGN PATENT DOCUMENTS 

JP 2003-307458 10/2003 

OTHER PUBLICATIONS 

Lenovo Support & d0Wnl0ads4OvervieWiThinkPad X31, Sep. 23, 
2005, accessed from http://WWW.ibm.c0m on Aug. 12, 2008* 

(Continued) 
Primary ExamineriMichael A Lyons 
Assistant ExamineriScott M Richey 
(74) Attorney, Agent, or Firm4Oblon, Spivak, McClelland, 
Maier & Neustadt, PC. 

(57) ABSTRACT 

A method capable of accurately measuring a physical quan 
tity of a measurement object in a substrate processing appa 
ratus. In a temperature measurement apparatus for imple 
menting the method, tWo interference positions are measured 
at different timings When a reference mirror is caused to move 
in the direction aWay from a collimator ?ber, and a difference 
betWeen the tWo interference positions is calculated. When 
the reference mirror remote from the collimator ?ber is 
caused to move toWard the collimator ?ber, tWo interference 
positions are measured at different timings, and a difference 
betWeen the tWo interference positions is calculated. An aver 
age value of the interference position differences is calcu 
lated, an optical path length difference is determined from the 
average value, and a Wafer temperature is calculated from the 
optical path length difference. 

14 Claims, 12 Drawing Sheets 
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METHOD FOR MEASURING PHYSICAL 
QUANTITY OF MEASUREMENT OBJECT IN 
SUBSTRATE PROCESSING APPARATUS AND 
STORAGE MEDIUM STORING PROGRAM 
FOR IMPLEMENTING THE METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for measuring a 

physical quantity of a measurement object in a substrate 
processing apparatus, and more particularly, to a physical 
quantity measuring method utiliZing, for measurement, inter 
ference of irradiation light and re?ected light, and a storage 
medium storing a program for implementing the measuring 
method. 

2. Description of the Related Art 
A substrate processing apparatus for plasma-processing a 

substrate such as a semiconductor device Wafer has strongly 
been demanded to be capable of contactlessly measuring the 
temperature of a Wafer housed in a processing chamber of the 
substrate processing apparatus. As a contactless thermom 
eter, a radiation thermometer has been knoWn that measures 
the temperature of a measurement object based on infrared 
radiation emitted from the measurement object. HoWever, the 
substrate is mainly made of silicon Whose infrared emission 
characteristic changes at a temperature of about 600 degrees 
Celsius, and therefore, the substrate temperature cannot be 
measured With accuracy, especially at loW temperatures, by 
the radiation thermometer. 

A temperature measurement apparatus has therefore 
recently been developed, in Which the thickness of a substrate 
is measured contactlessly and converted into a corresponding 
temperature for measurement of substrate temperature. This 
temperature measurement apparatus utiliZes a phenomenon 
that light irradiated from a loW-coherence light source to a 
substrate is re?ected by both the rear-side and front-side 
surfaces of the substrate. Speci?cally, in the temperature mea 
surement apparatus, light irradiated from a single loW-coher 
ence light source is divided into measurement light and ref 
erence light. The measurement light is irradiated onto the 
substrate, and re?ected light from the rear- side surface of the 
substrate and re?ected light from the front-side surface 
thereof are received. On the other hand, the reference light is 
irradiated onto a reference mirror that is movable parallel to 
the direction in Which the reference light is irradiated, and 
re?ected light from the reference mirror is received. On the 
basis of reference mirror positions in each of Which interfer 
ence occurs betWeen the re?ected light from either surface of 
the substrate and that from the reference mirror, the light path 
length of the measurement light and each re?ected light is 
calculated. Then, positions of the front-side and rear-side 
surfaces of the substrate are determined based on the calcu 
lated optical path lengths, and the substrate thickness is cal 
culated from the determined positions of the substrate sur 
faces. Further, the calculated substrate thickness is converted 
into a corresponding substrate temperature (refer to Japanese 
Laid-open Patent Publication (Kokai) No. 2003-307458. 

In the above temperature measurement apparatus, the mea 
surement light and the reference light are respectively guided 
to the substrate and the reference mirror using optical ?bers. 
In many cases, the optical ?ber for guiding the reference light 
is disposed in a closed space isolated from the ambient envi 
ronment of the substrate processing apparatus, Whereas the 
optical ?ber for guiding the measurement light is disposed to 
be exposed to the ambient environment. 
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2 
In recent substrate plasma processing, the temperature in 

the processing chamber of the substrate processing apparatus 
is often positively changed, and therefore, the optical ?ber for 
guiding the measurement light can increase in length With 
elapse of time by being heated by heat released from the 
substrate processing apparatus. Since the optical path length 
is affected by a change in optical ?ber length, it is di?icult to 
accurately measure the optical path length of the measure 
ment light and that of the re?ected light thereof When there is 
a change in temperature of the optical ?ber for guiding the 
measurement light, Which causes a change in optical ?ber 
length. The above poses a problem that it is impossible to 
achieve an accurate measurement of a predetermined physi 
cal quantity (thickness, temperature, refractive index, or the 
like) of the substrate based on the optical path length. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a method for 
measuring a physical quantity of a measurement object in a 
substrate processing apparatus that is capable of accurately 
measuring a predetermined physical quantity of the measure 
ment object and a storage medium storing a program for 
implementing the method. 

To attain the above object, according to a ?rst aspect of the 
present invention, there is provided a method for measuring a 
physical quantity of a measurement object in a substrate 
processing apparatus using a physical quantity measuring 
apparatus, the physical quantity measuring apparatus includ 
ing a light receiving device that receives ?rst re?ected light of 
light irradiated on the measurement object and second 
re?ected light of light irradiated on a movable re?ection 
device, a movement control device that causes the re?ection 
device to move so as to cause interference to occur betWeen 

the ?rst re?ected light and the second re?ected light, and a 
physical quantity calculation device that calculates a prede 
termined physical quantity of the measurement object based 
on a position of the re?ection device in Which the interference 
occurs. The method comprises the steps of (a) calculating a 
?rst interference position-related value that is related to a 
position of the re?ection device in Which interference occurs 
betWeen the ?rst re?ected light and the second re?ected light 
as the re?ection device is caused to move in a ?rst direction, 
(b) calculating a second interference position-related value 
that is related to a position of the re?ection device in Which 
interference occurs betWeen the ?rst re?ected light and the 
second re?ected light as the re?ection device is caused to 
move in a second direction that is opposite to the ?rst direc 
tion, and (c) calculating an average value of the ?rst and 
second interference position-related values. 
According to the ?rst aspect of this invention, an average 

value of the ?rst and second interference position-related 
values is calculated, Whereby in?uences of a change in ambi 
ent temperature on the interference position-related values 
are canceled out, making it possible to measure the predeter 
mined physical quantity of the measurement object With 
accuracy. 

Preferably, the method further comprises a step of convert 
ing the calculated average value into a corresponding tem 
perature of the measurement object. 

With this preferred embodiment, the calculated average 
value is converted into a corresponding temperature of the 
measurement object, Whereby the temperature of the mea 
surement object can be measured accurately. 

Preferably, the measurement object is in a form of plate, 
each of the ?rst and second interference position-related val 
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ues corresponds to thickness of the measurement object, and 
the predetermined physical quantity is the thickness of the 
measurement object. 

With this preferred embodiment, the temperature of the 
measurement object can be measured more accurately. 
More preferably, the light receiving device receives the 

?rst re?ected light from a front-side surface of the measure 
ment object and the ?rst re?ected light from a rear-side sur 
face of the measurement object, the ?rst interference posi 
tion-related value corresponds to a difference betWeen a 
position of the re?ection device in Which interference occurs 
betWeen the ?rst re?ected light from the rear-side surface of 
the measurement object and the second re?ected light and a 
position of the re?ection device in Which interference occurs 
betWeen the ?rst re?ected light from the front- side surface of 
the measurement object and the second re?ected light as the 
re?ection device is caused to move in the ?rst direction, and 
the second interference position-related value corresponds to 
a difference betWeen a position of the re?ection device in 
Which interference occurs betWeen the ?rst re?ected light 
from the front- side surface of the measurement object and the 
second re?ected light and a position of the re?ection device in 
Which interference occurs betWeen the ?rst re?ected light 
from the rear-side surface of the measurement object and the 
second re?ected light as the re?ection device is caused to 
move in the second direction. 

With the above preferred embodiment, the thickness of the 
measurement object can be measured accurately based on the 
?rst and second interference position-related values. 
More preferably, the light receiving device receives the 

?rst re?ected light from each of a plurality of measurement 
points on the front-side surface of the measurement object 
and the ?rst re?ected light from each of a plurality of mea 
surement points on the rear-side surface of the measurement 
object corresponding to respective ones of the plurality of 
measurement points on the front-side surface. There are a 
plurality of the ?rst interference position-related values cor 
responding in number to the plurality of measurement points 
and each corresponding to the thickness of the measurement 
object, and there are a plurality of the second interference 
position-related values corresponding in number to the plu 
rality of measurement points and each corresponding to the 
thickness of the measurement object. One of the plurality of 
the ?rst interference position-related values is selected and 
one of the plurality of the second interference position-related 
values is selected, and the thickness of the measurement 
object is calculated based on the selected ?rst and second 
interference position-related values. 

With this preferred embodiment, the ?rst and second inter 
ference position-related values at measurement positions 
Which are hard to be affected by variation factors other than 
temperature can be selected, Whereby the temperature of the 
measurement object can be measured more accurately. 

Preferably, a speed at Which the re?ection device is caused 
to move in the ?rst direction is equal to a speed at Which the 
re?ection device is caused to move in the second direction. 

According to the just-mentioned preferred embodiment, 
the absolute amount of in?uence of a change in ambient 
temperature on the ?rst interference position-related value 
can be made equal to that on the second interference position 
related value, making it possible to more accurately measure 
the predetermined physical quantity of the measurement 
object. 

Preferably, a difference betWeen a timing in Which the 
interference occurs betWeen the ?rst re?ected light from the 
rear-side surface of the measurement object and the second 
re?ected light and a timing in Which the interference occurs 
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4 
betWeen the ?rst re?ected light from the front-side surface of 
the measurement object and the second re?ected light as the 
re?ection device is caused to move in the ?rst direction is 
equal to a difference betWeen a timing in Which the interfer 
ence occurs betWeen the ?rst re?ected light from the front 
side surface of the measurement object and the second 
re?ected light and a timing in Which the interference occurs 
betWeen the ?rst re?ected light from the rear-side surface of 
the measurement object and the second re?ected light as the 
re?ection device is caused to move in the second direction. 

With the above preferred embodiment, even if there is a 
change in the moving speed of the re?ection device, the 
absolute amount of in?uence of a change in ambient tempera 
ture on the ?rst interference position-related value can be 
made equal to that on the second interference position-related 
value, Whereby the predetermined physical quantity of the 
measurement object can be measured more accurately. 

To attain the above object, according to a second aspect of 
the present invention, there is provided a method for measur 
ing a physical quantity of a measurement object in a substrate 
processing apparatus, Which is basically the same as the 
method according to the ?rst aspect of this invention. The 
method comprises the steps of (a) calculating a ?rst interfer 
ence position-related value that is related to a position of the 
re?ection device in Which interference occurs betWeen the 
?rst re?ected light and the second re?ected light as the re?ec 
tion device is caused to move in a ?rst direction, (b) calculat 
ing a ?rst rate of change in ambient temperature as the re?ec 
tion device is caused to move in the ?rst direction, (c) 
calculating a second interference position-related value that 
is related to a position of the re?ection device in Which inter 
ference occurs betWeen the ?rst re?ected light and the second 
re?ected light as the re?ection device is caused to move in a 
second direction that is opposite to the ?rst direction, (d) 
calculating a second rate of change in ambient temperature as 
the re?ection device is caused to move in the second direc 
tion, (e) correcting the ?rst interference position-related value 
based on the ?rst rate of change in ambient temperature, and 
(f) correcting the second interference position-related value 
based on the second rate of change in ambient temperature. 

According to the second aspect of the present invention, 
even if the ?rst rate of change in ambient temperature as the 
re?ection device is caused to move in the ?rst direction differs 
from the second rate of change in ambient temperature as the 
re?ection device is caused to move in the second direction, 
in?uences of a change in ambient temperature on the ?rst and 
second interference position-related values are accurately 
removed, making it possible to accurately measure the pre 
determined physical quantity of the measurement object. 

Preferably, the method further comprises a step of calcu 
lating an average value of the ?rst and second interference 
position-related values, and a step of converting the calcu 
lated average value into a corresponding temperature of the 
measurement object. 

With the preferred embodiment, even if in?uences of a 
change in ambient temperature on the interference position 
related values still remain, these in?uences can be canceled 
out, making it possible to reliably and accurately measure the 
temperature of the measurement object. 

Preferably, the method further comprises a step of selecting 
either one of the ?rst and second interference position-related 
values based on a comparison betWeen the ?rst and second 
rates of change in ambient temperature, and a step of convert 
ing the selected one of the ?rst and second interference posi 
tion-related values into a corresponding temperature of the 
measurement object. 
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With the above preferred embodiment, the temperature of 
the measurement object can be measured based on the inter 
ference position-related value Which is less affected by a 
change in ambient temperature, Whereby the temperature of 
the measurement object can be measured With reliability and 
accuracy. 

To attain the above object, according to a third aspect of the 
present invention, there is provided a method for measuring a 
physical quantity of a measurement object in a substrate 
processing apparatus, Which is basically the same as the 
methods according to the ?rst and second aspects of this 
invention. The method comprises the steps of (a) calculating 
a ?rst interference position-related value that is related to a 
position of the re?ection device in Which interference occurs 
betWeen the ?rst re?ected light and the second re?ected light 
as the re?ection device is caused to move in a ?rst direction, 
(b) calculating a ?rst rate of change in ambient temperature as 
the re?ection device is caused to move in the ?rst direction, 
(c) calculating a second interference position-related value 
that is related to a position of the re?ection device in Which 
interference occurs betWeen the ?rst re?ected light and the 
second re?ected light as the re?ection device is caused to 
move in a second direction that is opposite to the ?rst direc 
tion, (d) calculating a second rate of change in ambient tem 
perature as the re?ection device is caused to move in the 
second direction, (e) determining Whether or not the ?rst and 
second rates of change in ambient temperature fall Within a 
predetermined range, (f) calculating an average value of the 
?rst and second interference position-related values When the 
?rst and second rates of change in ambient temperature fall 
Within the predetermined range, and (g) correcting at least 
one of the ?rst and second interference position-related val 
ues based on at least corresponding one of the ?rst and second 
rates of change in ambient temperature When the at least 
corresponding one of the ?rst and second rates of change in 
ambient temperature falls outside the predetermined range. 

According to the third aspect of the present invention, an 
average value of the ?rst and second interference position 
related values is calculated, Whereby in?uences of change in 
ambient temperature on these interference position-related 
values are canceled out. Even if the ?rst rate of change in 
ambient temperature observed as the re?ection device is 
caused to move in the ?rst direction differs from the second 
rate of change in ambient temperature ob served as the re?ec 
tion device is caused to move in the second direction, in?u 
ences of a change in ambient temperature on the ?rst and 
second interference position-related values can be accurately 
removed. As a result, the predetermined physical quantity of 
the measurement object can be measured With accuracy. Fur 
thermore, since the Way of calculating the predetermined 
physical quantity is changed according to the result of com 
parison betWeen the rates of change in ambient temperature 
and the predetermined range, the predetermined physical 
quantity can be measured ef?ciently. 

To attain the aforementioned object, according to the 
present invention, storage media are provided each storing a 
program for implementing a corresponding one of the meth 
ods according to the ?rst to third embodiments. 

Further features of the present invention Will become 
apparent from the folloWing description of exemplary 
embodiments With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a section vieW shoWing a schematic construction 
of a substrate processing apparatus to Which is applied a 
method for measuring a physical quantity of a measurement 
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6 
object in a substrate processing apparatus according to an 
embodiment of the present invention; 

FIG. 2 is a block diagram shoWing a schematic construc 
tion of a temperature measurement apparatus for measuring 
the Wafer temperature in the plasma processing apparatus 
shoWn in FIG. 1; 

FIG. 3 is a vieW useful in explaining a temperature mea 
surement operation of an optical system for loW-coherence 
light shoWn in FIG. 2; 

FIGS. 4A and 4B are graphs shoWing Waveforms of inter 
ferences detected by a PH shoWn in FIG. 3 betWeen re?ected 
light from a Wafer and re?ected light from a reference mirror, 
Wherein FIG. 4A shoWs interference Waveforms obtained 
before the occurrence of change in Wafer temperature, and 
FIG. 4B shoWs interference Waveforms obtained after the 
occurrence of change in Wafer temperature; 

FIG. 5 is a vieW shoWing shifts in interference positions 
occurring With reciprocal movement of the reference mirror 
in the direction shoWn by arroW AA in FIG. 2 in a case Where 
the Wafer temperature varies; 

FIG. 6 is a ?oWchart shoWing a Wafer temperature measur 
ing process in the ?rst embodiment; 

FIG. 7 is a ?oWchart shoWing a Wafer temperature measur 
ing process in a second embodiment of the present invention; 

FIG. 8 is a graph shoWing a relationship betWeen actual 
increase/decrease in optical path length of an optical ?ber and 
increase/decrease in optical length calculated based on a tem 
perature change in ambient environment around the optical 
?ber; 

FIG. 9 is a graph shoWing a history of change in interfer 
ence position difference obtained When the Wafer tempera 
ture is repeatedly measured and showing a moving average of 
interference position differences determined based on the 
history of change in interference position difference; 

FIG. 10 is a ?owchart shoWing a Wafer temperature mea 
suring process in a third embodiment of the present invention; 

FIG. 11 is a block diagram shoWing a schematic construc 
tion of a temperature measurement apparatus that detects the 
temperature at tWo locations on a Wafer; and 

FIGS. 12A and 12B are graphs shoWing Waveforms of 
interference betWeen re?ected light from a central part of a 
Wafer and re?ected light from a reference mirror and of inter 
ference betWeen re?ected light from a peripheral part of the 
Wafer and the re?ected light from the reference mirror, 
Wherein FIG. 12A shoWs interference Waveforms obtained 
before the occurrence of change in Wafer temperature and 
FIG. 12B shoWs interference Waveforms obtained after the 
occurrence of change in Wafer temperature. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described in detail beloW 
With reference to the draWings shoWing preferred embodi 
ments thereof. 

First, an explanation Will be given of a substrate processing 
apparatus to Which is applied a method for measuring a physi 
cal quantity of a measurement object according to a ?rst 
embodiment of the present invention. 

FIG. 1 is a section vieW shoWing a schematic construction 
of the substrate processing apparatus. A plasma processing 
apparatus as the substrate processing apparatus is designed 
that a semiconductor Wafer W as a substrate (hereinafter 
simply referred to as the “Wafer W”) is subjected to plasma 
processing such as RIE (Reactive Ion Etching) and ashing. 

Referring to FIG. 1, the plasma processing apparatus 10 
includes a cylindrical chamber 11 made of aluminum and 
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having a Wall Whose inner surface is coated With anodized 
aluminum. In the chamber 1 1, a cylindrical mounting table 12 
is disposed, Which serves as a stage for mounting thereon the 
Wafer W having a diameter of, e.g., 300 mm. 

In the plasma processing apparatus 10, a gas exhaust path 
13, serving as a channel for discharging gas existing above the 
mounting table 12 to the outside of the chamber 11, is formed 
betWeen an inner peripheral surface of the Wall of the cham 
ber 11 and a peripheral surface of the mounting table 12. An 
annular baffle plate 14 for preventing leakage of plasma is 
disposed in the middle of the gas exhaust path 13. A portion of 
the gas exhaust path 13 doWnstream of the baffle plate 14 
extends under the mounting table 12 to be in communication 
With an automatic pressure control valve 15 (hereinafter 
referred to as the “APC valve”) that is a variable butter?y 
valve. The APC valve 15 is connected through an isolator 
valve 16 to a turbo molecular pump 17 (hereinafter referred to 
as the “TMP”), Which is a gas exhaust pump for vacuum 
exhaust. The TMP 17 is connected through a valve 18 to a dry 
pump 16 (hereinafter referred to as the “DP”) serving as a gas 
exhaust pump. In a gas exhaust channel (hereinafter referred 
to as the “main pumping line”) formed by the APC valve 15, 
isolator valve 16, TMP 17, valve 18, and DP 19, the APC 
valve 15 controls pressure in the chamber 11 and the TMP 17 
and DP 19 depressuriZe the chamber 11 almost to vacuum. 
A pipe 20 extending from betWeen the APC valve 15 and 

the isolator valve 16 is connected to the DP 19 through the 
valve 21. A gas exhaust channel (bypass line) is formed by the 
pipe 20 and the valve 12 so as to bypass the MP 17, and the DP 
19 roughs the chamber 11. 
A high frequency poWer supply 22 for loWer electrode is 

connected via a poWer supply rod 23 and a matcher 24 to the 
mounting table 12, and supplies predetermined high fre 
quency electric poWer to the mounting table 12. Thus, the 
mounting table 12 functions as a loWer electrode. The 
matcher 24 reduces re?ection of high frequency electric 
poWer from the mounting table 12 to thereby maximiZe the 
ef?ciency of high frequency electric poWer supply to the 
mounting table 12. 
A circular ESC electrode plate 25 formed of an electrically 

conductive ?lm is disposed inside an upper portion of the 
mounting table 12, and a DC poWer source 26 is electrically 
connected to the ESC electrode plate 25. The Wafer W is 
attracted and held on the top surface of the mounting table 12 
by Coulomb force or Johnsen-Rahbek force produced by a 
DC voltage applied to the ESC electrode plate 25 from the DC 
poWer supply 26. An annular focus ring 27 is disposed above 
the mounting table 12 so as to surround the Wafer W attracted 
and held onto the top surface of the mounting table 12. The 
focus ring 27 is formed of silicon (Si), silicon carbide (SiC), 
or quartz (QZ), is exposed to a processing space S, described 
later, and converges plasma in the processing space S toWard 
the surface of the Wafer W to thereby improve the e?iciency 
of plasma processing. 
A coolant chamber 28 of, e. g., a ring shape extending 

circumferentially is provided inside the mounting table 12. A 
coolant, e.g., cooling Water or GardenTM, kept at a speci?c 
temperature is supplied to the coolant chamber 28 from a 
chiller unit (not shoWn) via a coolant pipe 29 to be circulated 
therein, Whereby the temperature of the mounting table 12 
and by extension the temperature of the Wafer W attracted and 
held onto on the top surface of the mounting table 12 is 
controlled by the coolant. 

In the top surface of the mounting table 12, thermally 
conductive gas supply holes 30 facing the Wafer W are opened 
to a portion onto Which the Wafer is attracted (hereinafter 
referred to as the “attracting surface”). Those thermally con 
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8 
ductive gas supply holes 30 are connected to a thermally 
conductive gas supply unit 32 though a thermally conductive 
gas supply line 31 arranged in the mounting table 12. The 
thermally conductive gas supply unit 32 supplies a thermally 
conductive gas, e.g., Helium (He) gas, into a gap betWeen the 
attracting surface and the rear-side surface of the Wafer W 
through the thermally conductive gas supply holes 30. The 
thermally conductive gas supply holes 30, the thermally con 
ductive gas supply line 31, and the thermally conductive 
supply unit 32 form a thermally conductive gas supply appa 
ratus. It should be noted that the kind of the back side gas is 
not limited to Helium, but may be an inactive gas, such as 
Nitrogen (N2), Argon (Ar), Krypton (Kr), or xenon @(e), or 
may be oxygen (O2) or the like. 
On the attracting surface of the mounting table 12, there are 

disposed three pusher pins 33 Which are lift pins that are 
capable of protruding from the top surface of the mounting 
table 12. These pusher pins 33 are coupled to a motor (not 
shoWn) via a ball screW (not shoWn), and freely protrudes 
from the attracting surface With a linear movement of the ball 
screW into Which a rotational movement of the motor output 
shaft is converted. When the Wafer W to be subjected to 
plasma processing is attracted and held onto the attracting 
surface, the pusher pins 33 are received in the mounting table 
12. When the Wafer W for Which plasma processing has been 
?nished is taken out from the chamber 11, the pusher pins 33 
are caused to protrude from the top surface of the mounting 
table 12 to lift up the Wafer W aWay from the mounting table 
12. 
As shoWn in FIG. 2 described in detail later, a temperature 

detection hole 59, Which is used for measurement of the 
temperature (predetermined physical quantity) of the Wafer 
W, is opened to the attracting surface of the mounting table 
12. 
A gas inlet shoWer head 34 is disposed in a ceiling portion 

of the chamber 11. The gas inlet shoWer head 34 is connected 
through a matcher 35 to a high frequency poWer supply 36 for 
upper electrode, Which applies predetermined high frequency 
poWer to the gas inlet shoWer head 34. Accordingly, the gas 
inlet shoWer head 34 functions as an upper electrode. It should 
be noted that the matcher 35 has the same function as the 
matcher 24. 
The gas inlet shoWer head 34 includes a ceiling electrode 

plate 38 formed With a large number of gas holes 37 and an 
electrode support member 39 for removably supporting the 
ceiling electrode plate 38. The electrode support member 39 
is provided therein With a buffer chamber 40 to Which is 
connected a processing gas inlet pipe 41 extending from a 
processing gas supply unit (not shoWn). A pipe insulator 42 is 
installed in the middle of the processing gas inlet pipe 41. The 
pipe insulator 12 is made of an insulating material and pre 
vents the high frequency poWer supplied to the gas inlet 
shoWer head 34 from leaking to the processing gas supply unit 
via the processing gas inlet pipe 41. The gas inlet shoWer head 
34 supplies, via the gas holes 37, the chamber 11 With the 
processing gas that is supplied from the processing gas inlet 
pipe 41 to the buffer chamber 40. 
The chamber 11 is provided at its circumferential Wall With 

a loading/unloading port 43 for the Wafer W at a location 
corresponding to a vertical position to Which the Wafer W is 
lifted up by the pusher pins 33 aWay from the mounting table 
12. The loading/unloading port 43 is mounted With a gate 
valve 45 for opening and closing the loading/unloading port 
43. 
As described above, in the chamber 11 of the plasma pro 

cessing apparatus 10, high frequency poWer is supplied to the 
mounting table 12 and the gas inlet shoWer head 34 to thereby 
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apply the high frequency power to the processing space S 
between the mounting table 12 and the gas inlet shoWer head 
34. As a result, a high-density plasma is generated in the 
processing space S from the processing gas supplied from the 
gas inlet shoWer head 34, and is utiliZed for plasma processing 
of the Wafer W. 

Speci?cally, for the plasma processing of the Wafer W in 
the plasma processing apparatus 10, after the gate valve 45 is 
opened, the Wafer W to be processed is loaded into the cham 
ber 11, and a DC voltage is applied to the ESC electrode plate 
25, Whereby the loaded Wafer W is attracted and held on the 
attracting surface of the mounting table 12. Then, the pro 
cessing gas (e.g., a mixture gas comprised of CF4 gas and 02 
gas With a predetermined ?oW rate ratio) is supplied from the 
gas inlet shoWer head 34 into the chamber 11 at a predeter 
mined amount of ?oW and ?oW rate, and the pressure in the 
chamber 11 is controlled to a predetermined pressure value by 
means of the APC valve 15 and the like. Furthermore, high 
frequency poWer is applied from the mounting table 12 and 
the gas inlet shoWer head 34 to the processing space S in the 
chamber 11 . As a result, plasma is generated in the processing 
space S from the processing gas introduced from the gas inlet 
shoWer head 34, and is caused by means of the focus ring 27 
to converge onto the surface of the Wafer W Which is then 
subjected to physical or chemical etching. 

It should be noted that the operations of the aforemen 
tioned various parts of the plasma processing apparatus 10 are 
controlled by a controller (not shoWn) such as a computer 
Which operates in accordance With a program for the plasma 
processing. 

FIG. 2 is a block diagram shoWing a schematic construc 
tion of a temperature measurement apparatus for measuring 
Wafer temperature in the plasma processing apparatus shoWn 
in FIG. 1. 

Referring to FIG. 2, the temperature measurement appara 
tus 46 (physical quantity measurement apparatus) includes an 
optical system for loW-coherence light 47 (light receiving 
device) for irradiating loW-coherence light onto the Wafer W 
or the like in the plasma processing apparatus 10 and for 
receiving re?ected light of the irradiated loW-coherence light, 
and a temperature calculation device 48 (physical quantity 
calculation device) for calculating the Wafer temperature or 
the like based on the re?ected light received by the optical 
system for loW-coherence light 47. LoW-coherence light is 
characterized in that, When irradiated from a light source and 
subsequently split into tWo parts, these tWo parts of light have 
their Wave trains Which are hard to overlap (interfere With) 
each other, and in that it has a short coherence length. 

The optical system for loW-coherence light 47 is comprised 
of a super luminescent diode (SLD) 49 as a loW-coherence 
light source, an optical ?ber coupler 50 as a 2x2 splitter 
connected to the SLD 49, collimator ?bers 51, 52 connected 
to the optical ?ber coupler 50, a photo detector (PD) 53 as a 
light receiving device connected to the optical ?ber coupler 
50, and optical ?bers 54a, 54b, 54c, 54d through Which the 
just-mentioned components are connected. 

The SLD 49 irradiates loW-coherence light With the maxi 
mum poWer of 1.5 mW, Wherein the loW-coherence light has 
its central Wave length of 1.55 pm or 1.31 pm and coherence 
length of about 50 pm. The optical ?ber coupler 50 splits the 
loW-coherence light from the SLD 49 into tWo, and the tWo 
light beams are transmitted through the optical ?bers 54b, 540 
to the collimator ?bers 51, 52, respectively. The collimator 
?bers 51, 52 are comprised of collimators for irradiating, at 
right angles, the loW-coherence light beams having been split 
by the optical ?ber coupler 50 (corresponding to measure 
ment light 64 and reference light 65 described later) onto the 
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10 
rear-side surface of the Wafer W and the re?ection surface of 
a reference mirror 55 (mentioned later), respectively. The PD 
53 is formed by a Ge photo diode. 
The optical system for loW-coherence light 47 is comprised 

of the reference mirror 55 (re?ection device) disposed in front 
of the collimator ?ber 52, a reference mirror driving stage 56 
for causing, using a stepping motor (not shoWn), the reference 
mirror 55 to horiZontally move in the direction in Which the 
loW-coherence light is irradiated from the collimator ?ber 52, 
a motor driver 57 (movement control device) for driving the 
stepping motor of the reference mirror driving stage 56, and 
an ampli?er 58 connected to the PD 53 for amplifying an 
output signal of the PD 53. The reference mirror 55 is com 
prised of a comer cube prism or a planar mirror. 
The collimator ?ber 51 is disposed to face the rear-side 

surface of the Wafer W through the temperature detection hole 
59 formed in the mounting table 12. The collimator ?ber 51 
irradiates, via the temperature detection hole 59, part (mea 
surement light 64, mentioned later) of the loW-coherence 
light, split into tWo by the optical ?ber coupler 50, toWard the 
rear-side surface of the Wafer W Which is a measurement 
object, receives re?ected light of the loW-coherence light 
re?ected from the Wafer W (re?ected light 6611 and re?ected 
light 66b, mentioned later), and transmits the received light to 
the PD 53. 
The collimator ?ber 52 irradiates part of the loW-coherence 

light, split into tWo by the optical ?ber coupler 50 (reference 
light 65 mentioned later), toWard the reference mirror 55, 
receives re?ected light (re?ected light 68 mentioned later) 
from the reference mirror 55, and transmits the received light 
to the PD 53. 

The reference mirror driving stage 56 causes the reference 
mirror 55 to horiZontally move in the direction shoWn by 
arroW AA in FIG. 2 in such a manner that the re?ection 
surface is alWays kept perpendicular to light irradiated from 
the collimator ?ber 52. The reference mirror 55 can be recip 
rocated in the direction shoWn by the arroW AA (i.e., the 
direction in Which the loW-coherence light is irradiated from 
the collimator ?ber 52). 
The temperature calculation device 48 is comprised of a 

computer, for instance, and includes a CPU 60 for overall 
controlling the temperature calculation device 48, a motor 
controller 61 (movement control device) for controlling via a 
motor driver 57 a stepping motor for moving the reference 
mirror 55, an A/D converter 62 for analogue-to-digital con 
ver‘ting the output of the PD 53, Which is input to the A/D 
converter 62 via the ampli?er 58 of the optical system for 
loW-coherence light 47, in synchronism With a control signal 
(driving pulse, for instance) output from the motor controller 
61 to the motor driver 57, and a mounting table controller 63 
for controlling operating sections provided on the mounting 
table 12. The mounting table controller 63 controls high fre 
quency poWer supplied from the high frequency poWer source 
22, temperature, ?oW rate and pressure of the back side gas 
supplied from the thermally conductive gas supply unit 32, 
temperature of coolant circulatingly supplied to the coolant 
chamber 28, DC voltage applied to the ESC electrode plate 
25, and the like. 

FIG. 3 is a vieW useful in explaining a temperature mea 
surement operation of the optical system for loW-coherence 
light shoWn in FIG. 2. 
The optical system for loW-coherence light 47 utiliZes a 

loW-coherence interferometer Whose basic con?guration is 
based on the Michelson’ s interferometer. As shoWn in FIG. 3, 
the loW-coherence light emitted from the SLD 49 is split into 
measurement light 64 and reference light 65 by means of the 
optical ?ber coupler 50 functioning as a splitter. Then, the 
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measurement light 64 is irradiated toward the Wafer W as the 
measurement obj ect, Whereas the reference light 65 is irradi 
ated toWard the reference mirror 55. 

The measurement light 64 irradiated onto the Wafer W is 
re?ected on both the rear-side and front-side surfaces of the 
Wafer W. Both the re?ected light 6611 (?rst re?ected light) 
from the rear-side surface of the Wafer W and the re?ected 
light 66b (?rst re?ected light) from the front-side surface of 
the Wafer W are incident on the optical ?ber coupler 50 in the 
same optical path 67. The reference light 65 irradiated onto 
the reference mirror 55 is re?ected on the re?ection surface, 
and the re?ected light 68 (second re?ected light) from the 
re?ection surface is also incident on the optical ?ber coupler 
50.At this time, as described above, the reference mirror 55 is 
caused to horizontally move in the direction of radiation of 
the reference light 65. Thus, the optical system for loW-co 
herence light 47 can vary the total optical path length of the 
reference light 65 and the re?ected light 68. 

In a case Where the total optical path length of the reference 
light 65 and the re?ected light 68 is varied by horizontally 
moving the reference mirror 55, interference occurs betWeen 
the re?ected light 6611 and the re?ected light 68 When the total 
optical path length of the measurement light 64 and the 
re?ected light 6611 coincides With that of the reference light 65 
and the re?ected light 68. When the total optical path length of 
the measurement light 64 and the re?ected light 66b coincides 
With the that of the reference light 65 and the re?ected light 
68, interference occurs betWeen the re?ected light 66b and the 
re?ected light 68. These interferences are detected by the PD 
53. When detecting the interference, the PD 53 outputs an 
output signal. 

FIGS. 4A and 4B are graphs showing Waveforms of inter 
ferences detected by the PD shoWn in FIG. 3 betWeen the 
re?ected light from the Wafer and that from the reference 
mirror. FIG. 4A shoWs interference Waveforms obtained 
before the occurrence of change (increase in this example) in 
Wafer temperature, Whereas FIG. 4B shoWs interference 
Waveforms obtained after the occurrence of Wafer tempera 
ture change. In FIGS. 4A and 4B, the interference strength is 
taken along the ordinate, Whereas the horiZontal moving dis 
tance of the reference mirror from a predetermined basic 
point (hereinafter simply referred to as the “reference mirror 
moving distance”) is taken along the abscissa. 
As shoWn in the graph of FIG. 4A, When the reference light 

68 from the reference mirror 55 interferes With the re?ected 
light 6611 from the rear-side surface of the Wafer W, an inter 
ference Waveform 69, for instance, is detected that has a Width 
of about 80 um centered at the interference position PA of 
about 425 pm (Where the interference strength has a peak 
value). When the reference light 68 from the reference mirror 
55 interferes With the reference light 66b from the front-side 
surface of the Wafer W, an interference Waveform 70, for 
instance, is detected that has a Width of about 80 um centered 
at the interference position PB of about 3285 pm (Where the 
interference strength has a peak value). The interference po si 
tion PA corresponds to the total optical path length of the 
measurement light 64 and the re?ected light 66a, Whereas the 
interference position PB corresponds to that of the measure 
ment light 64 and the re?ected light 66b. Accordingly, the 
difference DD betWeen the interference positions PA and PB 
corresponds to the difference betWeen the optical path length 
of the reference light 6611 and that of the reference light 66b 
(hereinafter simply referred to as the “optical path length 
difference”). Furthermore, the difference DD betWeen the 
optical path lengths of the interference positions PA and PB 
corresponds to the optical thickness of the Wafer W. By 
detecting the interference betWeen the re?ected light 68 and 
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the re?ected light 6611 and the interference betWeen the 
re?ected light 68 and the re?ected light 66b, it is possible to 
detect the optical thickness of the Wafer W. 

When there occurs a change in the temperature of the Wafer 
W, the thickness of the Wafer W varies due to thermal expan 
sion (contraction) and the refractive index also varies, result 
ing in changes in the total optical path length of the measure 
ment light 64 and the re?ected light 6611 and in the total 
optical path length of the measurement light 64 and the 
re?ected light 66b. After the occurrence of a change in the 
temperature of the Wafer W, therefore, the optical thickness of 
the Wafer W varies due to thermal expansion and the like, so 
that both the interference positions PA, PB of the re?ected 
light 68 and the re?ected light 6611 and of the re?ected light 68 
and the re?ected light 66b shift from the interference posi 
tions shoWn in FIG. 4A. Speci?cally, as shoWn in the graph of 
FIG. 4B, the interference positions PA and PB shift from 
those shoWn in FIG. 4A in the direction of increasing the 
reference mirror moving distance (When the Wafer tempera 
ture changes in the increasing direction). As described above, 
With a change in the temperature of the Wafer W, a shift occurs 
in the interference positions PA, PB. By calculating the dif 
ference DD betWeen the interference positions PA, PB or the 
optical path length difference, it is possible to measure the 
temperature of the Wafer W. It should be noted that, as the 
causes for a change in the optical path length there can be 
mentioned positional changes (such as elongations) of vari 
ous components of the optical system for loW-coherence light 
47, in addition to a change in optical thickness of the Wafer W. 

In the present embodiment, prior to the measurement of 
temperature of Wafer W, there is prepared in advance a tem 
perature conversion database in Which optical path length 
difference is associated With temperature of Wafer W, such as 
for example, a tabulated database that includes, as database 
axes, temperature of Wafer W and optical path length differ 
ence. Alternatively, there is prepared in advance a regression 
formula that includes, as variables, temperature of Wafer W 
and optical path length difference. The prepared database or 
formula is stored, for example, in a memory (not shoWn) of 
the temperature calculation device 48. In measuring the tem 
perature of the Wafer W, the optical system for loW-coherence 
light 47 causes output signals of the PD 53 representative of 
the interference positions PA and PB to be input in sequence 
to the temperature calculation device 48. The temperature 
calculation device 48 calculates an optical path length differ 
ence based on the signals supplied thereto, and converts the 
optical path length difference into a corresponding tempera 
ture on the basis of the temperature conversion database or the 
regression formula. This makes it possible to measure the 
temperature of the Wafer W contactlessly With high accuracy. 
The optical path of the measurement light 64 and the 

re?ected light 6611 is formed by the optical ?ber 54b and a 
space extending betWeen the collimator ?ber 51 and the rear 
side surface of the Wafer W, Whereas the optical path of the 
measurement light 64 and the re?ected light 66b is formed by 
the optical ?ber 54b, the space extending betWeen the colli 
mator ?ber 51 and the rear-side surface of the Wafer W, and 
the Wafer W. When the temperature of the optical ?ber 54b 
changes With a change in ambient temperature around the 
optical ?ber 54b, there occur changes in length and refractive 
index of the optical ?ber 54b, and as a result, accurate mea 
surement of the optical path length difference may not be 
possible. It should be noted that in many cases the tendency of 
change in ambient temperature around the optical ?ber 54b is 
stable. For instance, the ambient temperature around the opti 


















